On October 31, 2003 the EPA completed its review and granted registration for YieldGard® Plus corn. This is the first transgenic corn product designed to control both European corn borer and corn rootworms.
Either of these two new products, YieldGard Rootworm or YieldGard Plus, will provide corn growers with a safe pest control alternative that can reduce reliance on traditional insecticides. The reduced insecticide use will directly benefit the environment and can mean less chemical exposure to people who apply pesticides to corn.
YieldGard Rootworm Corn Evaluated
In 2002 (Table 1) we evaluated the performance of a variety of control measures for corn rootworm larvae including YieldGard Rootworm. YieldGard Rootworm corn provided excellent root protection and 100 percent consistency under moderately heavy populations of corn rootworm larvae ( 1. 90 nodes eaten in the untreated check).
With the registration of YieldGard Rootworm in 2003 it was possible to plant larger replicated plots and harvest the treatments. Plots were replicated four times at each location: Crawfordsville (l-row plots, 17.5 ft long) , Nashua (2-row plots, 87 ft. long) and Sutherland (2-row plots, 87 ft. long). Tables 2-4 report the 2003 YieldGard and insecticide replicated corn rootworm efficacy trials. Again this year the YieldGard Rootworm provided superb protection from larval feeding. There was a small difference , however, during 2003 . In the past the YieldGard root-protection consistency had been 100%, but at Crawfordsville there was some larval feeding. The feeding occurred on the first node of brace roots (7th node). There was volunteer corn in the test plot and the feeding could have resulted from larvae beginning development on the volunteer corn and moving to the YieldGard Rootworm later in the season as the brace roots entered the soil. The concentration of the protein toxin in the later emerging roots may not have been high enough to control the large larvae.
The 2003 results are presented as separate tables rather than a single summary table because there were differences in yield protection between locations. At Crawfordsville (Table 2) and Nashua ( Table 3 ) the YieldGard produced 44 and 2 7 bushels more corn then the untreated, respectively, while at Sutherland the difference was only 6 bushels (Table 4) . It is likely that the differences were caused by differences in the density of corn rootworms and the soil moisture during the time that larvae were feeding. At Sutherland there was only a moderate corn rootworm infestation, 1.24 nodes of roots destroyed in the untreated, and at Crawfordsville and Nashua the plots were heavily infested, 2.14 and 2.46 nodes destroyed in the untreated, respectively. Also the summer rainfall at Sutherland was near normal with a surplus during June , the peak period of larval feeding, so plant stress was less (Table 5) .
Under heavy rootworm pressure (Crawfordsville and Nashua, Tables 2 & 3), the yield difference between the YieldGard and the untreated was greater at Crawfordsville than Nashua ( 44 and 2 7 bushels, respectively). While the rootworm pressure was similar and moisture was deficient at both locations, the moisture deficiencies occurred at different times with respect to larval feeding. The greatest yield impact due to rootworm feeding occurred at Crawfordsville where the rainfall was only normal during June, the month of peak larval feeding, followed by a 2. 4 3 inch shortfall during pollination. Nashua had a larger moisture deficit (4.91 inches), but at Nashua the June rainfall during larval feeding was 1.18 inches above normal which compensated for a 1.68 inch shortfall during pollination. Nashua's greatest moisture deficit didn't occur until grain fill.
With greater yield differences between YieldGard Rootworm and untreated plots, there were also differences between the YieldGard and soil-applied granular insecticides. At Crawfordsville (Table  2) , were YieldGard yielded 44 bushels more than the untreated, it also produced 24 more bushels than the best soil-applied granular insecticide and 34 more bushels than the average of the granular insecticide. At Nashua where the YieldGard and untreated were 27 bushels different (Table 3) , the YieldGard was only 5 bushels better than the highest -yielding granular material and 16 bushels higher than the average of the granular materials. At Sutherland (Table 4) , where moisture was not deficient, yields were very high and the difference between the YieldGard and untreated was small (6 bushels) and some of the insecticide treatments had higher yields than the YieldGard.
There was an additional interesting trend in yields during 2003. As has been true in the past, seed treatments failed to keep root pruning below a node of roots under moderate to high rootworm infestations. During 2003, however, the seed treatments did not suffer much yield loss despite the damage. The Cruiser® yields were not statistically different from the YieldGard at any location with replicated trials and at Crawfordsville (Table 2) it had the highest yield of any of the insecticide treatments. In general at the heavy rootworm infestations (Crawfordsville and Nashua) , both Cruiser and Poncho® yielded as well as the granular insecticides despite loosing nearly a node more of roots. Also in 2003, YieldGard Rootworm was evaluated in two plots in Boone County on three different planting dates. YieldGard was evaluated against its nonBt, near-isogenic hybrid. Plots were unreplicated, four rows wide and 100 feet long. Roots were dug on July 25 and evaluated on the Iowa State 0-3 scale CO=no injury, 3=three nodes completely removed). Grain yields were machine harvested October 22 from the two center rows and adjusted to 15.5 percent moisture. Plots had been continuous corn for 4 years with no soil insecticide used during this time period.
The field trial was subjected to very heavy pressure from the corn rootworm larvae. Most nonBt corn roots scored significant amounts of root injury from the larvae, often scoring the maximum rating of 3 (Table 6 ). This injury translated into substantial yield differences with the advantage going to the genetically-engineered corn ( Table 7) . The paired comparisons showed yields ranging from 28.8 bushels more on the April 24 planting date to 4.8 bushels more on the May 20 planting date. These data suggest that fields planted earlier may receive a greater benefit from the YieldGard technology as opposed to fields planted later.
Scouting YieldGard Rootworm Corn for Adult Beetles
Economically damaging densities of corn rootworm larvae do not occur in all cornfields, thus rootworm control is not necessary in every field. Nowatzki et al. (2002) showed that peak adult emergence can be predicted using a biofix model based on capture of the first emerging rootworm adults in a field. Using the principles of integrated pest management, initiation of field scouting to estimate adult beetle densities can be targeted based on this biofix model. The information could be used to determine the need for control measures in the subsequent year-whether crop rotation, insecticides, or YieldGard Rootworm.
Extension and research entomologists from six Midwestern states met in 2003 to discuss the development of a uniform scouting plan. Research papers and extension bulletins were distributed and read before the meeting was held. Based upon our discussion, we developed a flowchart that summarizes the steps for scouting corn rootworm adults in a cornfield. This scouting procedure is preliminary and may change as it is field tested over the next couple of years.
Cornfields should be monitored with the kairomone-baited Pherocon® CRW Trap (Trece, Salinas, CA, www.trece.com/product.html). One trap is to be placed in each field preceding the first emergence of corn rootworm adults (mid June in Iowa) and checked twice weekly As soon as the first adult corn rootworm is detected in the trap , the biofix for that field is determined as the date midway between the last date when no beetles were captured and the date when the first beetle of either sex or species was observed. Degree-days are accumulated from the biofix, and field scouting is initiated when 772 FDD (Fahrenheit degree-days) have accumulated (90% beetle emergence, Nowatzki et al. 2002) . Counts of adult corn rootworms determine whether the field has a high or low probability of economic damage from corn rootworm larvae in the following season. Recommendations for rootworm control next year are determined from the density of corn rootworm adults within each field. The flowchart shows the procedure for scouting a field.
Corn producers and scouts can use these recommendations to determine the need for rootworm control measures in next year's corn. In fields with low rootworm densities, soil insecticide use is expected to decrease (i.e., elimination of the soil insecticide, using a reduced rate, or using a seed treatment), or the more expensive corn hybrids with YieldGard Rootworm technology will not be planted. The potential outcomes are less insecticide in the environment; the replacement of conventional, broad-spectrum insecticides with reduced-risk products; and less expense to the producer. Producers also will be able to determine which fields will benefit most from the use of YieldGard Rootworm corn and its associated nonBt refuge.
By closely following the scouting procedure outlined in this uniform scouting plan, producers and crop scouts can determine with a degree of confidence whether rootworm control measures are necessary to prevent economic damage. Decisions based upon this scouting procedure can result in more economic production of corn. The scouting plan may also help producers and commercial scouts make better use of limited time and money by targeting their scouting activities.
YieldGard Rootworm Corn Requires a Refuge
The EPA requires Monsanto to ensure that 20 percent of the planted acreage of YieldGard Rootworm be set aside where non-Bt corn will be grown to serve as a refuge . These refuge acres will support populations of corn rootworm not exposed to the Bt protein and reduce the possibility of corn rootworm developing resistance to Bt corn. The corn rootworm populations in the refuges will help prevent resistance development when they cross-breed with insects in the Bt cornfields. This resistance management strategy was developed as a condition of the registration, and EPA will require routine monitoring and documentation that these measures are followed.
The following information on refuge requirements was modified from a Monsanto publication, "YieldGard Rootworm Insect Resistance Management-2003 IRM Guide." Anyone planting YieldGard Rootworm corn in 2004 must follow these refuge requirements.
Refuge Requirements for the Corn Belt
In this area, refuges must be established as follows:
• On each farm, up to 80 percent of corn acres may be planted with YieldGard Rootworm corn. Plant at least 20 percent of the corn acres to a corn refuge that does not contain a Bt technology for control of western or northern corn rootworm. The corn refuge can be treated for corn rootworm larvae and other soil pests with soil-applied, seed-applied or foliar-applied insecticides. The corn refuge can be treated with a non-Bt insecticide to control late season pests such as European corn borer, however the YieldGard Rootworm Corn must also be treated. Corn refuge options include YieldGard Corn Borer, RoundupReady corn, and conventional corn, but no other Bt product for corn rootworm management.
• Plant the refuge within or adjacent to YieldGard Rootworm corn fields. The corn refuge can be separated by a ditch or a road but not by another field. Adjacent refuge fields must be owned by or managed by the grower.
Refuge Planting Requirements
Any corn hybrid that does not contain a Bt technology for control of western or northern corn rootworm and is planted within or adjacent to the YieldGard Rootworm field corn can serve as a refuge .
• Plant a refuge on every farm where YieldGard Rootworm corn hybrids are planted.
• Plant the refuge at the same time as YieldGard Rootworm corn.
• The effectiveness of the refuge can be reduced because plant stands and plant vigor may be decreased. With less plants and decreased health you would get fewer susceptible insects in the refuge.
• Mixing non-Bt seed with YieldGard Rootworm seed for use in the refuge is not permitted.
• Plant the refuge and the YieldGard Rootworm corn to fields with similar crop history For example, if the field planted to YieldGard Rootworm was corn the previous year, then the refuge must also be planted in a field that was planted to corn the previous year.
Refuge Configuration Options
The refuge on each farm may be arranged in a number of configurations. These options offer the flexibility to easily incorporate an effective corn refuge into farm operations. Options include:
• Plant a corn refuge adjacent to each YieldGard Rootworm corn field.
• Plant a corn refuge as large strips or blocks within a YieldGard Rootworm field.
• Split the planter to alternate at least 6 and preferably 12 consecutive rows of corn refuge with YieldGard Rootworm corn.
• Plant field perimeters or end rows to a corn refuge.
Conclusions
Yield trials demonstrated that under heavy rootworm pressure and moisture stress the lack of corn rootworm larval injury in YieldGard Rootworm corn resulted in substantially higher yields than corn without the Bt protein. As rootworm pressure and moisture deficits declined, the yield advantage of rootworm treatments, including genetically engineered corn, declined. Field trials also suggested that yields ofYieldGard Rootworm were substantially better when corn was planted in April as opposed to mid May While rainfall is difficulty to predict, the proposed and validated adult corn rootworm sampling program will help identify heavy rootworm infestations that will justify the cost of genetically engineered corn varieties or insecticidal treatment. Scouting may also help a grower decide where to plant the genetically engineered corn and where to place the required refuge so as to maximize the return on there investment.
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